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Environmental issues are often neglected until a lapse in the care for environment, which leads to serious human health problem,
would then put regulation gaps in the spotlight. Environmental regulations and standards are important as they maintain balance among
competing resources and help protect human health and the environment. One important environmental standard is related to municipal
solid waste (MSW). Proper MSW management is crucial for urban public health. Meanwhile, the sustainability of landﬁlls is also of
concern as increasing volumes of MSW consume ﬁnite landﬁll space. The incineration of MSW and the reuse of incinerated residues
help alleviate the burden on landﬁll space. However, the reuse of MSW incinerator residues must be regulated because they may expose
the environment to toxic heavy metal elements. The study of environmental standards from diﬀerent countries applicable to MSW is not
widely published, much less those for incinerated MSW residue reuse. This paper compares extant waste classiﬁcation and reuse stan-
dards pertinent to MSW, and explores the unique recent history and policy evolution in some countries exhibiting high environmental
regard and rapid changes, so that policy makers can propose new or revise current MSW standards in other countries.
 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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An important purpose of environmental regulations is
to regulate the use of resources to ensure minimal impact
on the environment and human health. As the economy
grows and income rises, the increased demand for natural
resources and manufactured consumer goods has put
strains on the environment (Swanson, 2008). Subsequently,
the amount of solid waste generated increases in parallel to
economic development, due to excessive consumerism.
According to the United States Environmental Protection
Agency (USEPA), solid waste that is not properly managed
poses risk to human health and the environment by con-
taminating water, attracting insects and rodents, increasing
ﬂood due to blocked drainage of canals or gullies, among
others (USEPA, 2002). Wastes can be classiﬁed as munici-
pal solid waste (MSW), medical waste, hazardous waste,
industrial waste, or radioactive waste (Links, 2006).
MSW is of particular concern in developing economies,
as a signiﬁcant portion of the population there does not
have access to a waste collection service (Schu¨beler,
1996). Therefore, MSW management can have important
consequences for public health, well-being, and sustainabil-
ity. In the US, most of the MSW is handled in one of the
three ways: landﬁlling (53.8%), recycling (34.5%), and
incineration (11.7%) (USEPA, 2012). Although the inciner-
ation rate is still low in some countries, the reuse and recy-
cle of incineration ash can greatly lower disposal burdens
of MSW and provide valuable materials to countries that
have limited natural resources (Huang et al., 2006). One
of the beneﬁts of incineration is volume reduction in waste,1
ation bottom ash quantities in selected countries (Ornebjerg et al., 200
ry Tons of ash available
per year (2003)
rk 644,626
2,995,000
ny 3,140,000
etherlands 1,075,000
Kingdom 725,000
States 9,000,000which alleviates limited landﬁll space, providing extra
source of energy from combustion, and the potential recy-
cling of incinerator residues. There are more than 200
waste-to-energy plants in 14 European countries, managing
about 23% of MSW in these countries, and 89 waste-to-
energy plants operating in 27 states in the US (Ornebjerg
et al., 2006).
Generally, there are two types of MSW incineration ash,
which are the remaining residues after burning: bottom ash
(IBA) that remains after combustion on the grate and ﬂy
ash (IFA) that is removed from exhaust ﬂue gases
(Huang et al., 2006). Millions of tons of IBA are produced
worldwide each year, and varying portions of them are
recycled for structural applications. In Germany, over
three million tons of IBA were generated, two million tons
of which were reused in 2003 (Ornebjerg et al., 2006). On
the other hand, Denmark, having recycled only slightly
more than half a million tons of IBA in the same year,
had a high IBA reuse rate of nearly 98% (Ornebjerg
et al., 2006). These and other statistics are shown in Table 1.
Numerous studies have been conducted on the assessment
of reusing incineration ash (Chang et al., 1999; Erdem
et al., 2011; Tang et al., 2014) and found it suitable as
secondary construction material (Cai et al., 2004). IBA
can also be reused as road bases and dye adsorbents
(Lam et al., 2010). IFA is seldom reused due to its
hazardous nature. In fact, IBA cannot be reused unless it
meets the environmental regulations set out in individual
countries.
The proper reuse of IBA as a new resource requires
environmental regulations. The MSW environmental6).
Tons of ash reused
per year (2003)
Percent of ash
reused (2003) (%)
629,278 97.6
2,366,000 79.9
2,025,700 64.5
950,000 88.4
410,000 56.6
500,000 5.6
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European Union, the Netherlands, Denmark, the United
States, Taiwan, and China. These countries either have
advanced stages of waste management programs and
policies, as in the case of European countries and the
US, or the potential of growth in Asia as illustrated
by Taiwan and China. The scope of coverage of
environmental standards in this paper is limited to
environmental standards pertaining to incinerated waste
management. Speciﬁcally, inorganic contaminants in
leaching limit criteria are discussed. As far as the authors
of this paper know, there are no comprehensive, widely
published evaluation criteria for the reuse of incinerated
waste available. Furthermore, even when criteria are
published, the rationales for the standard criteria are
often not given (Barnett and O’Hagan, 1997). Huque
and Watton (2009) attempt to explain environmental
management policy diﬀerences in Canada and the United
States by their diﬀerent federal government structures
and historical developments, but there is no analysis of
such standards available. Compiling data and rationale
from diﬀerent countries is also diﬃcult for researchers
because primary sources of data are often not available
in English. The objective of this paper is to compile envi-
ronmental standards from countries with well-published
environmental practices and standards, so as to be a
source of reference for decision makers to formulate
solid waste environmental standards. The standards
presented in this paper may also become relevant in
the future as incinerator residue treatment technology
becomes more prevalent, and guidelines are needed to
evaluate treatment eﬀectiveness.Table 2
Diﬀerent principles of setting environmental standards (Barnett and O’Hagan
Principle Features
‘‘Safe” Levels  Pollutant levels are set to
 Deﬁnition of ‘‘safe” not d
 Aspires to maximum safe
Prudent Reduction  A particular pollutant lev
 There is recognition that
Precautionary Principle  Broadly applied general p
 Recommendation to cons
 High level of protection t
Community (under the co
 Take action to avoid pote
to bioaccumulate even wh
and eﬀects (deﬁnition giv
Best Available Technology Not Entailing
Excessive Cost (BATNEEC)
 Recognizes that if a ‘‘safe
 The cost of standard is cl
 Technology should be ‘‘b
cerned (‘‘The eﬀectiveness
As Low As Reasonably Achievable (ALARA)  Broadly applied general p
 Any procedures for contr
to achieve outcomes that
 ALARA levels are impli
expected from the polluta
 Major application in radi2. Environmental standards
2.1. Environmental standard principles
Decision makers face environmental, technological, eco-
nomical, and political constraints in setting environmental
standards (Blok and de Groot, 2004). Environmental stan-
dards are set to protect the environment from the negative
eﬀects of anthropogenic activities. However, other consid-
erations must be taken into account to ensure successful
implementation. For example, technology should be avail-
able to treat the waste as per the regulations and the stan-
dards should make economic sense for the industry to
follow. Current environmental legislation in diﬀerent coun-
tries is guided by their own set of principles (Streﬀer and
Cansier, 2003). Table 2 summarizes the key features of
some current guiding principles for setting environmental
standards (Barnett and O’Hagan, 1997). The prudence
avoidance principle has been adopted in Australia, Sweden,
and several US states (Kheifets et al., 2001). The ‘‘As Low
As Reasonably Achievable” (ALARA) principle plays an
important part in the enforcement of environmental law
in the Netherlands (Faure and Ruegg, 1994). At the Euro-
pean level, the ‘‘Best Available Technology Not Entailing
Excessive Cost” (BATNEEC) principle is used (Faure
and Ruegg, 1994).
2.2. Country statistics and environmental regulations
overview
No two countries share identical circumstances in
terms of political regime, industrial policy, major type of, 1997).
levels deemed to be safe
eﬁned
ty beneﬁt without regard to cost
el is set at some ‘‘worthwhile” reduction from present levels
a ‘‘safe” level may not be identiﬁable
rinciple
ider action to avoid possible harm even if it is not certain to occur (WHO)
aking into account the diversity of situations in the various regions of the
ntext that the principle is formally a part of EU law)
ntially damaging impacts of substances that are persistent, toxic and liable
ere there is no scientiﬁc evidence to prove a causal link between emission
en at the third North Sea Conference in 1990)
” level exists it is likely to be too costly to achieve
ear and reasonable
est” at preventing pollution and ‘‘available” to operator of activity con-
of policy instruments for energy-eﬃciency improvement”)
rinciple
olling pollutant levels should employ the latest and best technological aids
are ALARA
ed to ensure safe or prudent levels and that more than this cannot be
nt
ation risk and protection
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waste problem (Probst and Beierle, 1999). Similarly, they
need diﬀerent considerations for environmental standards.
Countries with a high population density and a low per-
centage of arable land have the most to beneﬁt from the
reduction in landﬁll use, and the reuse and recycle of solid
waste. For example, in the US, incineration tends to be the
practice in land-scarce jurisdictions, and landﬁlling is the
dominating practice in land-rich jurisdictions (U.S.
International Trade Commission, 2004). This also tends
to be the pattern in the countries listed in Table 3. Japan
and South Korea both have high population densities (per-
sons per square kilometer), at the same time they have a
low arable land as a percentage of total land. Japan and
South Korea also have high incineration plant densities,
as measured by the number of incineration plants per one
million people. Meanwhile, Taiwan has the second highest
MSW incineration rate and the second highest population
density as shown in Table 3. Another factor is a country’s
openness to trade; developing countries that are more open
to trade are, for competitiveness reasons, signiﬁcantly more
reluctant to ratify international environmental agreements
(Spilker, 2012). Countries listed in Table 3 are mostly
developed countries, but China, still considered as a devel-
oping country, ranks 57 out of 75 by its Open Markets
Index. A country can also be characterized by its environ-
mental regulatory performance. The Environmental Regu-
latory Regime Index (ERRI) represents a summary of
performance measure of the quality of the environmental
regulatory system in a country. It comprises measures of
various aspects of the regulatory system, including stan-
dards, implementation and enforcement mechanisms, and
associated institutions. The greater the ERRI in a particu-
lar country, the more the concern that country has for envi-
ronmental quality. Moosa et al. (2014) use the EERI to see
the correlation between economic freedom and environ-
mental performance. Among the countries examined here,
the Netherlands, Germany, and Singapore have high envi-
ronmental regulatory systems in place. These examples
illustrate that it is worthwhile to learn about the unique sit-
uations of a country when analyzing a country’s environ-
mental policies and regulations.
Each country’s national legislative and regulatory
framework for solid waste management delineates roles
and responsibilities in its respective levels of government
(Hoornweg et al., 2005). In addition, studying how and
to what extent regulations are derived from laws can give
insights to policy analysts into eﬀectiveness of environmen-
tal programs and where ineﬃciencies lie, and can provide
lessons for countries wishing to start or review their envi-
ronmental regulations. The development of a legal frame-
work comprises two regulatory actions: the enactment of
a formal legal instrument e.g. an act, ordinance, or decree,
and the development of regulations, rules, and orders by
the authority designated in the formal legal instrument
(World Health Organization, 1987). Table 4 lists formal
legal instruments and subsidiary regulations forenvironmental protection for some major countries. The
listed legal instruments represent signiﬁcant legal eﬀorts
to protect environmental and public health within their
respective country, and some of them will be highlighted
in Sections 2.3.2–2.3.6. It is also interesting to note that,
from Table 4, signiﬁcant formal legal instruments had been
eﬀective in Denmark, the US, Taiwan, and Japan since the
1970s, when environmental awareness became more
prevalent.
2.3. Compilation of solid waste environmental standards and
discussion
2.3.1. European Union waste acceptance criteria
2.3.1.1. Background information. The European Union
(EU) has a clear and deﬁned objective in waste manage-
ment. Its long-term goal is to become a recycling society,
avoiding waste, and using unavoidable waste as a resource
wherever possible (European Commission, 2010). Through
a combination of member state politics, regulatory politics,
and international market competitiveness, the EU attempts
at legitimizing the precautionary principle, and establishing
international credibility, which contributes to its progres-
sion in environmental protection policies (Kelemen, 2007).
In the 1970s, the EU adopted the Waste Framework
Directive and the Hazardous Waste Directive as a response
to individual Member States that were taking action to
control and manage waste (European Commission, 2005).
Then in 1989, international outrage as a result of uncon-
trolled shipping of hazardous waste to developing coun-
tries and to Eastern Europe led to the adoption of the
Basel Convention (European Commission, 2005). The
Basel Convention aims to, among other objectives, reduce
hazardous waste generation and restrict transboundary
movements of hazardous wastes (Secretariat of the Basel
Convention, 2011). In 2001, the Landﬁll Directive was
adopted to address problems of pollution from incinera-
tors, landﬁlls, and recycling plants (European
Commission, 2005). Today, the Waste Framework Direc-
tive, the Hazardous Waste Directive, and the Waste Ship-
ment Regulation (adopted in 2006) form the basis of the
regulatory structure on waste in the EU (European
Commission, 2005). Since EU legislative power derives
from the European Economic Community treaty, and as
a supranational organization to which member states have
ceded special administrative and legislative powers, the
waste regulatory structure basis applies to Member States
(Neumann, 2010). This has helped protect the environment
and human health across the European Community
(European Commission, 2005). Fig. 1 summarizes the his-
torical trend on waste directives in the EU.
As for the reuse of solid waste in construction applica-
tions, the waste acceptance criteria (WAC) have been
established in Europe, but there are no European limits
especially for construction products. While the recycling
of MSW incineration ash is widely practiced, management
practices for incinerator residues vary in diﬀerent
Table 3
Country statistics (top 3 extreme values bolded).
Country Population
(millions)
Population
Density
(persons per
km2)
Arable Land
(% of total
land area)
Incineration Plants/
Incineration Plant Density
Per 1 Million People
MSW
Incineration
Rate
MSW
Recycling
Rate
Open Market
Index Ranking
(out of 75)
ERRI Source
The Netherlands 16.8 498 30.0% 10/0.60 38% 51% 6 1.747 The World Bank (2015)
Johnke (2002)
Confederation of European Waste-to-
Energy Plants (2013)
European Environment Agency (2013)
International chamber of Commerce
(2013)
Denmark 5.6 132 57.0% 29/5.15 54% 42% 15 1.384 The World Bank (2015)
Rambøll (2006)
Confederation of European Waste-to-
Energy Plants (2013)
European Environment Agency (2013)
International chamber of Commerce
(2013)
Germany 81.3 231 34.0% 59/0.73 37% 62% 22 1.522 The World Bank (2015)
Johnke (2002)
Confederation of European Waste-to-
Energy Plants (2013)
European Environment Agency (2013)
International chamber of Commerce
(2013)
United States 319.0 35 17.0% 112/0.35 11.7% 34.5% 38 1.184 The World Bank (2015)
Tangri (2003)
USEPA (2012)
International chamber of Commerce
(2013)
Taiwan 23.4 649 24% 24/1.03 55.8% 42.5% 27 Not
available
CIA (2014)
Tsai (2014)
Tsai and Kuo (2010)
International chamber of Commerce
(2013)
Japan 126.1 349 11.6% 1,320/10.47 77% 19.6% 39 1.057 The World Bank (2015)
Kawamoto (2008)
Tanaka et al. (2005)
United Nations Environment Programme
(2010)
International chamber of Commerce
(2013)
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cling of waste incinerator residues at the EU level (Van
Garven et al., 2006).2.3.1.2. EU WAC standard. The Landﬁll Directive of 1999
deﬁnes the diﬀerent categories of waste, among other mat-
ters. It is a minimum directive, and EU member states can
set stricter criteria nationally. The European Council Deci-
sion 2003/33/EC (published in January 2003 and taking
eﬀect in July 2004), on the other hand, lists the WAC for
the diﬀerent categories of waste: inert wastes, non-
hazardous wastes, hazardous wastes acceptable in non-
hazardous landﬁlls, and hazardous wastes acceptable in
hazardous waste landﬁlls, pursuant to the Directive of
1999. These criteria are listed in Table 5.
The concept behind the WAC is that leaching should
not result in an unacceptable increase in key pollutant con-
centrations in the groundwater downstream the landﬁll.
The procedure for setting the WAC consisted of several
consecutive steps. First, the point of compliance (POC)
was set to be the groundwater quality 20 meters down-
stream the landﬁll (Hjelmar et al., 2005; Christensen,
2010). Quality criteria were then set for the peak concentra-
tions of contaminants in the groundwater based on existing
European groundwater or drinking water legislation. The
release of contaminants from the source can be expressed
as a function of liquid-to-solid ratio (L/S), and the trans-
port of contaminants from the landﬁll through soil and
into the groundwater can be modeled based on
contaminant-subsoil sorption. Using the contaminant
release and transport models, forward calculations could
be done for the concentration at the POC for each contam-
inant. An attenuation ratio, source peak concentration
forwardcalculated peak POC concentration,
was used to back calculate permissible values at the source
from the groundwater quality criteria at the POC for each
contaminant. The source term criteria could then be trans-
formed into limit values for a speciﬁc leaching test and L/S
value (Christensen, 2010).
As shown in Table 6, the implementation of EU require-
ments related to acceptance criteria area is achieved in the
majority of EU-15 Member States. In the Netherlands,
Portugal, and the England and Wales parts of the UK,
the inorganic leaching criteria are identical to the EU
WAC, while in the Flanders part of Belgium, France, Ger-
many, and the Northern Ireland part of the UK the inor-
ganic leaching criteria are identical to or even more
stringent than the EU WAC.2.3.2. Denmark
2.3.2.1. Background information. Denmark’s history of
waste management goes back to as early as 1903, when
incineration was introduced for waste treatment (Kleis
and Dalager, 2004). However, it was not until the 1960s
that environmental awareness became pervasive in the
Danish general public (Kleis and Dalager, 2004). Not
much later, Denmark had its ﬁrst Minister of the Environ-
Table 4
Signiﬁcant formal legal instruments and regulations related to solid waste management in diﬀerent countries.
Country Signiﬁcant formal legal instruments Selected Regulations Reference
The Netherlands Soil Protection Act (1987, revised 2008) Decree No. 39 of 1995 concerning the discharge of
water for purposes of soil protection
Decree No. 649 of 1997 relative to the discharge of
liquid substances into the soil
Decree No. 469 of 2007 containing rules relative to
quality of soil
Food and Agriculture
Organization of the
United Nations
Denmark Environmental Protection Act (eﬀective 1974,
Consolidated Act No. 879, 2010)
Order No. 99 on reports of environmental
supervision and approvals
Order No. 1022 on environmental quality standards
for water and requirements for discharges of
pollutants into rivers, lakes or the sea
Order No. 231 on quality requirements for
environmental measurements
Food and Agriculture
Organization of the
United Nations
Germany Basic Law (Grundgesetz) Article 74 Number 24
(promulgation in 1949)
Federal Waste Prevention and Disposal Act
Packaging Ordinance
Hazardous Substances Control Act
Federal Nature Conservation Act
Neumann (2010)
United States Resource Conservation and Recovery Act
(1976)
40 CFR Part 256: Guidelines for Development and
Implementation of State Solid Waste Management
Plans
40 CFR Part 258: Criteria for Municipal Solid
Waste Landﬁlls
40 CFR Part 260: Hazardous Waste Management
System
40 CFR Part 268: Land Disposal Restrictions
US EPA
US Government
Publishing Oﬃce
Taiwan Waste Disposal Act (eﬀective 1974, latest
revision 2013)
Method for Normal Waste Cleaning, Treatment,
and Recycling
Standard for Hazardous Waste Identiﬁcation
Taiwan Environmental
Protection
Administration
Japan Waste Management and Public Cleansing Law
(1970)
Standards on Transfer of Municipal Solid Waste
Technical Standards on Municipal Solid Waste
Disposal Facility
Standards of Facilities for Recycling
Ministry of the
Environment of Japan
South Korea Wastes Control Act (enacted 1986, amended
2007)
Volume–Rate Wastes Disposal System
Reporting System for the Import and Export of
Waste
Ng (2013)
Ministry of Environment
of the Republic of Korea
Pariatamby and Tanaka
(2013)
Singapore Environmental Protection and Management
Act (enactment in 1999, revised 2002)
Hazardous Substances Regulations
Trade Eﬄuent Regulations
Food and Agriculture
Organization of the
United Nations
China Law of the People’s Republic of China on the
Prevention and Control of Environmental
Pollution by Solid Wastes (1996)
GB 5085.3-2007: Identiﬁcation Standards for
Hazardous Wastes – Identiﬁcation for Extraction
Toxicity
GB 16889-2008: Standard for Pollution Control on
the Landﬁll Site of Municipal Solid Waste
GB 18485-2014: Standard for Pollution Control on
the Municipal Solid Waste Incineration
Ministry of
Environmental
Protection, People’s
Republic of China
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(EPA) was established in 1971 and 1972, respectively. A
year later, in 1973, Denmark became the ﬁrst country in
the world to pass an environmental protection law
(Copenhagen Cleantech Cluster, 2012). Yet around the
same time, landﬁlling of waste was a common practice in
Denmark. A point was reached such that landﬁll capacity
was saturated in the Copenhagen region, and waste becamea problem for human health. In the 1980s, the government
took action to require counties and municipalities to meet
recycling targets. Also in the 1980s, waste incineration and
composting became the primary waste treatment solution,
alleviating landﬁlls (Copenhagen Cleantech Cluster,
2012). Eventually, the incineration tax and landﬁll tax were
introduced and helped incentivize recycling. In 1997,
Denmark became the ﬁrst country to completely ban
Figure 1. The EU’s timeline on waste directives.
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in 1999 further helped shift the waste treatment paradigm
from landﬁlling to recycling (Wong, 2014a).
In Denmark, there is extensive legislation for the appli-
cation of IBA. From 1974 onward, IBA had to be disposed
of in special sanitary landﬁlls or recycled (Kleis and
Dalager, 2004). While MSW IBA utilization is preferred
over landﬁlling, the utilization must be done in an environ-
mentally acceptable manner. Therefore, regulation of
MSW IBA utilization has been in place since 1983
(Ornebjerg et al., 2006). The government provided impetus
for a more wide spread use of IBA by imposing a State tax
on IBA disposal in 1987 (Ornebjerg et al., 2006). Fig. 2
summarizes Denmark’s historical timeline on waste
regulations.
2.3.2.2. Denmark WAC, Statutory Order No. 252, and
Statutory Order No. 1662. The EU WAC Decision has
been implemented in Danish regulation by the Statutory
Order No. 252 of 2009 (European Commission, 2009b).
The Danish EPA decided to use a similar modeling
methodology employed for the EU landﬁll directive, but
adjusted for Danish conditions (Hjelmar et al., 2005).
Denmark relies heavily on groundwater as a source for
drinking water, and therefore has a strong incentive to
strictly protect groundwater quality. Because of this, the
Danish acceptance criteria should be more stringent than
those set by the EU. Other diﬀerences are that the Danish
POC is located 100 meters downstream of the landﬁll, and
the Kd values, used to describe the contaminant-subsoil
interaction in the transport modeling, have been adjusted
for Denmark (Hjelmar et al., 2005). In Denmark, landﬁlls
that are located inland and those located near the seacoast
are distinguished. Also, three subcategories of landﬁlls for
non-hazardous waste are deﬁned: landﬁlls for mineral
waste, mixed waste, and non-reactive hazardous waste.
Furthermore, mineral waste landﬁlls are divided into three
types: inland mineral waste landﬁlls (MA0), seacoast min-
eral waste landﬁlls with higher dilution potential by the
nearby sea (MA1), and seacoast mineral waste landﬁlls
with lower dilution potential by the nearby sea (MA2)
(Hjelmar et al., 2009). Table 7 lists the leaching limit values
for non-hazardous mineral waste.Beyond the characterization of waste for diﬀerent land-
ﬁlls, Denmark’s Statutory Order No. 1662 (2010), ‘‘Utiliza-
tion of Residual Waste Materials and Soil for Construction
Works and Utilization of Sorted, Unpolluted C&D
Waste,” sets leaching criteria that apply to residual prod-
ucts (MSWI BA, BA and FA from coal ﬁred power plants)
and soil. The criteria are listed in Table 8. Soil and residues
to be utilized are classiﬁed into three diﬀerent categories,
based on the determination of trace element content after
partial digestion with 7 M nitric acid (Saveyn et al.,
2014), with diﬀerent applications. Category 1 may be used
for certain speciﬁed purposes, i.e. construction of roads,
paths, parking lots, noise reduction walls, ramps, dikes,
dams, railway embankments, pipe/cable trenches, land-
scaping, marine constructions, reﬁlling ﬂoors and founda-
tions. Categories 2 and 3 are for the reuse of
contaminated waste for geotechnical purposes (Kirkland
et al., 2012). Moreover, Category 2 is for roads, paths,
cable graves, ﬂoors and foundations, noise banks, and
ramps, whereas Category 3 is for roads, paths, cable
graves, and ﬂoors and foundations. Both Category 2 and
Category 3 residues and soil may be recycled under increas-
ingly more stringent conditions concerning the type of
application, thickness, and top cover. If the analysis result
from the leachate meets the criteria for the category, the
use is suitable for that category.
2.3.3. The Netherlands
2.3.3.1. Background information. The Dutch waste manage-
ment system is well respected around the world. To some
extent, Dutch national waste management policy has even
inﬂuenced some European policies in recent years (Milios,
2013). Furthermore, some have estimated that more than
half of Dutch legislation on the environment is derived
from EU legislation (Andeweg and Irwin, 2014). Therefore,
there is an intertwining relationship between EU and
Dutch environmental legislation. Similar to some other
developed countries, the Netherlands has faced challenges
of increasing material consumption, lack of physical space,
and environmental deterioration in the past decades. As a
result, the government decided to reduce landﬁlling of
waste (Wong, 2014b). Therefore, the Netherlands’s
standing in waste management can be attributed to
Table 5
Leaching limits as set out in Council Decision 2003/33/EC (EUR-Lex, 2003).
Inert wastes Non-hazardous wastes Hazardous waste acceptable at non-hazardous
waste landﬁlls
Hazardous waste acceptable at hazardous waste
landﬁlls
Element or
substance
L/S = 2 L/kg L/S = 10 L/kg C0
percolation
test
L/S = 2 L/kg L/S = 10 L/kg C0
percolation
test
L/S = 2 L/kg L/S = 10 L/kg C0
percolation
test
L/S = 2 L/kg L/S = 10 L/kg C0
percolation
test
mg/kg mg/kg mg/L mg/kg mg/kg mg/L mg/kg mg/kg mg/L mg/kg mg/kg mg/L
As 0.1 0.5 0.06 0.4 2 0.3 0.4 2 0.3 6 25 3
Ba 7 20 4 30 100 20 30 100 20 100 300 60
Cd 0.03 0.04 0.02 0.6 1 0.3 0.6 1 0.3 3 5 1.7
Cr (total) – – – 4 10 2.5 4 10 2.5 25 70 15
Cu 0.9 2 0.6 25 50 30 25 50 30 50 100 60
Hg 0.003 0.01 0.002 0.05 0.2 0.03 0.05 0.2 0.03 0.5 2 0.3
Mo 0.3 0.5 0.2 5 10 3.5 5 10 3.5 20 30 10
Ni 0.2 0.4 0.12 5 10 3 5 10 3 20 40 12
Pb 0.2 0.5 0.15 5 10 3 5 10 3 25 50 15
Sb 0.02 0.06 0.1 0.2 0.7 0.15 0.2 0.7 0.15 2 5 1
Se 0.06 0.1 0.04 0.3 0.5 0.2 0.3 0.5 0.2 4 7 3
Sn – – – – – – – 50 – – – –
Zn 2 4 1.2 25 50 15 25 50 15 90 200 60
Cl 550 880 450 10000 15,000 8500 10,000 15,000 8500 17,000 25,000 15,000
F 4 10 2.5 60 150 40 60 150 40 200 500 120
SO4
2 560 1000 1500 10,000 20,000 7000 10,000 20,000 7000 25,000 50,000 17,000
Phenol index 0.5 1 0.3 – – – – – – – –
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Implementation of Decision 2003/33/EC; black = more stringent, gray = identical, white = slight diﬀerences (European
Commission, 2009a).
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management policy with quantitative targets, as well as
comprehensive waste processing infrastructure.
The ﬁrst piece of Dutch legislation that dealt explicitly
with waste was the Waste Substances Act 1977, which cov-
ered discrete sectors of the environment separately, such as
surface water, air, chemical waste, and noise. However,
regulators found this sector-wise approach to be inade-
quate, and an integrated approach was required. The inte-
grated approach was realized in the Environmental
Management Act 1993. The Act covers a wide range of
aspects such as waste collection, hazardous waste disposal,
air quality, noise nuisance, environmental permits, andFigure 2. Denmark’s timelinsetting of environmental management strategies. At
present, the Environmental Management Act is the central
piece of legislation that governs the planning framework
for environmental authorities, integrated permitting, com-
pliance monitoring activities, and harmonization with
other environmental laws (OECD, 2009). In 1995, a waste
decree was issued to institute a landﬁll ban for 35 waste cat-
egories including all combustible and biodegradable
wastes. At around the same time, the government also
enacted a landﬁll tax to reduce waste generation to
discourage landﬁll disposals. In 1997, the responsibility
for waste management was passed from the provincial to
the central government level in an eﬀort to centralize wastee on waste regulations.
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a more universal manner.
As per an amendment to the Environmental Manage-
ment Act in 2002, the Ministry for Housing, Spatial Plan-
ning, and the Environment must draw up a Waste
Management Plan every six years. The ﬁrst National Waste
Management Plan came into force in 2003, and was
reviewed in 2009, resulting in the second National Waste
Management Plan. The ﬁrst National Waste Management
Plan set out the framework for the Netherlands’s future
waste management, introduced the control of waste poli-
cies under a national perspective, banned direct disposal
of mixed municipal waste to landﬁlls, and called for the
increase in waste utilization to 86% in 2012. The second
National Waste Management Plan introduces initiatives
to further enhance the waste management policy. Fig. 3
summarizes the historical timeline on waste regulation in
the Netherlands.
2.3.3.2. Dutch soil quality decree. The overall Dutch
approach to waste management, also known as the
‘‘Lansink’s Ladder,” is to: avoid as much waste as possible
in the ﬁrst place, recover reusable resources from wastes,
generate energy through waste incineration, and then
dispose the remaining waste into landﬁlls (Zimring and
Rathje, 2012). In keeping with the practice of recovering
reusable resources from wastes, stony wastes can be reused
in construction applications. For solid waste to be reused
as construction material, the solid waste must meet the cri-
teria as stipulated in the Dutch Building Materials Decree.
From 1995 to 2008, the Dutch Building Materials Decree
regulated the potential impact of construction materials
on the environment. It speciﬁed the environmental quality
criteria for the use of stony materials in construction, and
did not distinguish between primary, secondary, and waste
materials. The regulations were updated in 2007 into the
Soil Quality Decree (came into force in July 2008). The rea-
son for the revised decree was to develop a simpliﬁed and
more transparent regulation containing a consistent set of
emission limit values (van der Sloot et al., 2012).
There are limit values for monolithic and granular con-
struction products in the Soil Quality Decree (Table 9). In
general, these values are derived from impact modeling of
groundwater and soil quality, which are determined by eco-
toxicological criteria (Sloot et al., 2012). The emission limit
values for granular construction products were calculated
in six steps, using leaching results from tank leaching test
carried out over 64 days (Saveyn et al., 2014). A generic
average release pattern (in mg/m2) for each inorganic sub-
stance based on a large collection of quality control data
for construction products was determined using the perco-
lation test NEN 7343. Geochemical modeling was then
used to calculate how the substance concentrations varied
with time and depth of the soil. These substance concentra-
tions were compared with established compliance values at
the POC. The source release was then adjusted to match
exactly the compliance values in the soil and groundwater
Table 8
Limit values for content and leached amounts in Statutory Order 1662/2010 (Saveyn et al., 2014).
Substance Category 1 (mg/kg) Category 2 (mg/kg) Category 3 (mg/kg)
Total element content in dry mattera
As 620 >20 >20
Cd 60.5 >0.5 >0.5
Cr (total) 6500 >500 >500
Cr (VI)b 620 >20 >20
Cu 6500 >500 >500
Hg 61 >1 >1
Ni 630 >30 >30
Pb 640 >40 >40
Zn 6500 >500 >500
Leached amount at L/S = 2 L/kg
Chloride 6300 6300 300–6,000
Sulfate 6500 6500 500–8,000
Na 6200 6200 200–3,000
As 60.016 60.016 0.016–0.1
Ba 60.6 60.6 0.60–8.0
Cd 60.004 60.004 0.004–0.080
Cr 60.02 60.02 0.020–1.0
Cu 60.09 60.09 0.090–4.0
Hg 60.0002 60.0002 0.0002–0.002
Mnb 60.30 60.30 0.30–2.0
Ni 60.02 60.02 0.020–0.14
Pb 60.02 60.02 0.02–0.20
Se 60.02 60.02 0.020–0.060
Zn 60.2 60.2 0.20–3.0
Testing method EN 12457-1, L/S = 2 L/kg
a Digestion is required for analysis.
b The content of Cr (VI) and the leached amount of Mn do not apply for IBA.
Figure 3. The Dutch timeline on waste regulation.
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source were then transformed into emission limit values
(in mg/kg). The more stringent emission limit value of
the soil or the groundwater was selected, for being protec-
tive of both the soil and groundwater.2.3.4. The US
2.3.4.1. Background information. In the immediate post-war
period, new consumer products provided unprecedented
convenience to the general population: air conditioners
and central heating helped give comfort in the house, elec-
tric refrigeration increased the demand for pre-packaged
food, television started a new era of home entertainment,
cars enabled travel in the newly built highway system,
and factories manufactured ever increasing consumable
goods (Roberts, 2011). The consumer society and popula-
tion increase escalated the generation of solid waste, and
the management and control of waste were therefore neces-
sary. Initially, collection and disposal of waste fell under
the responsibility of local governments, however city pop-
ulations, consumerism, and industry grew so much that
waste generation proved to be too much to handle for cities
(Roberts, 2011). This was evident in open dumps, where
ﬁres, odors, and vermin were common occurrences. In
response, national guidelines on sanitary ﬁll methods were
published.
The Solid Waste Disposal Act, passed in 1965, was
designed to assist state and local governments with the
technical and ﬁnancial aspects of developing and managing
waste disposal programs, and to promote the development
of guidelines for waste collection, transportation, recovery,Table 9
Emission limits from the Dutch regulation as part of the Soil Quality
Decree (Saveyn et al., 2014; Muchova´, 2010); limit values are speciﬁed for
monolithic products (in mg/m2), granular construction materials in
‘‘open” applications (inﬁltration rate of 300 mm/year), and in applications
with isolating measures (inﬁltration rate of 6 mm/year).
Element Monolithic
(mg/m2)
Granular, open
(300 mm, mg/kg)
Granular, isolated
(6 mm, mg/kg)
As 260 0.9 2
Ba 1,500 22 100
Cd 3.8 0.04 0.06
Cr 120 0.63 7
Co 60 0.54 2.4
Cu 98 0.9 10
Hg 1.4 0.02 0.08
Mo 144 1 15
Ni 81 0.44 2.1
Pb 400 2.3 8.3
Sb 8.7 0.16 0.7
Se 4.8 0.15 3
Sn 50 0.4 2.3
V 320 1.8 20
Zn 800 4.5 14
Br 670 20 34
Cl 110,000 616 8,800
F 2,500 55 1,500
SO4
2 165,000 1,730 20,000
Testing method NEN 7375 CEN/TS 14405and disposal. The Solid Waste Disposal Act was followed
by the Resource Recovery Act of 1970, which shifted the
emphasis of federal involvement from disposal to recycling,
resource recovery, and conversion of waste to energy.
Waste management was made more comprehensive with
the Resource Conservation and Recovery Act of 1976; it
is the primary law governing the disposal of solid and haz-
ardous waste in the US. Broadly speaking, the law sets
national goals to protect human health and the environ-
ment from waste hazards, conserve resources, reduce waste
generation, and better manage wastes. In addition, the Act
bans all open dumping of waste and encourages recycling.
The Act also gives the EPA authority to promulgate crite-
ria to diﬀerentiate between hazardous and non-hazardous
wastes (Bricka et al., 1992) and regulations for the manage-
ment of hazardous waste. The Resource Conservation and
Recovery Act was amended and strengthened in 1984 with
the Hazardous and Solid Waste amendments, which
phased out land disposal of hazardous waste, increased
enforcement authority of the Environmental Protection
Agency, and set more stringent hazardous waste manage-
ment standards. Fig. 4 shows the major legislations dealing
with hazardous waste in the US.
2.3.4.2. Waste characterization and landfill requirements.
Unlike in the Netherlands, there is no relevant or equivalent
standard for cumulative release from diﬀusion testing in the
US to be used for the reuse of constructionmaterials (van der
Sloot et al., 2012). Perhaps this is one reason why little incin-
eration ash is reused in theUS. Another reason against reuse
could be legal liabilities: if mixtures of ﬂy and bottom ashes
are determined to be hazardous by EPA standards, anyone
connected with the distribution of those products may be
held legally responsible (ASTM, 1989). Currently, mixed
waste-to-energy ash is mostly disposed of in landﬁlls
(Oehmig et al., 2007; An et al., 2014). For testing, the
Toxicity Characteristic Leaching Procedure (TCLP) test
applies to ash from municipal waste incinerators that man-
age hazardous solid wastes (Simmons, 1991). Nevertheless,
there are regulatory levels for identifying hazardous waste.
By the TCLP test Method 1311, if any of the contaminant
level from an extract of a representative solid waste is at or
exceeds the regulatory level (Table 10), the solid waste is
considered to exhibit toxicity characteristics, and is classiﬁed
as a hazardous waste.
The approach for the derivation of the TCLP regulatory
level takes into account three key determinations: accept-
able level at the groundwater consumption point based
on risk, the dilution/attenuation factor between the dis-
posal unit and the receptor, and the leachate concentration
from the waste that would be permitted (Simmons, 1991).
In addition, explicit determination of allowed concentra-
tion from risks of exposure to the leached constituents is
needed. Particularly, the risks are based on risk-speciﬁc
doses for carcinogenic compounds that result in an inci-
dence of cancer equal to or less than 105, reference doses
for non-carcinogenic constituents based on an estimate of
Figure 4. The US timeline on waste regulation.
Table 10
Maximum concentration of contaminants for toxicity characteristics (U.S.
Government Publishing Oﬃce, 2011).
Contaminant Regulatory level (mg/L)
Ag 5.0
As 5.0
Ba 100.0
Cd 1.0
Cr 5.0
Hg 0.2
Pb 5.0
Se 1.0
Testing method TCLP Method 1311
178 A. Liu et al. / International Journal of Sustainable Built Environment 4 (2015) 165–188the daily dose of a substance that will result in no adverse
eﬀect even after a lifetime of such exposure, and the pro-
posed maximum contaminant levels in drinking water
(Simmons, 1991).
Criteria for wastes from diﬀerent industries are listed in
40 CFR 268.40. A restricted waste, as identiﬁed in 40 CFR
268.40, cannot be land disposed if a TCLP extract of the
waste or a TCLP extract of the treated residue of the waste
exceeds the value in 40 CFR 268.40 (shown in Table 11). In
the latter case, the treatment standard has not been met,
and further treatment is required prior to land disposal.Table 11
Inorganic hazardous constituents in hazardous waste leachates from 40
CRF 268.40 (U.S. Government Publishing Oﬃce, 2015).
Contaminant Non-wastewater concentration limit (mg/L)
As 5.0
Ba 21
Cd 0.11
Cr (total) 0.60
Pb 0.75
Hg 0.25
Se 5.7
Ag 0.14
Ni 11
Sb 1.15
CN 590
Testing method TCLP Method 13112.3.5. Taiwan
2.3.5.1. Background information. Taiwan is a densely popu-
lated mountainous island, and responsible waste manage-
ment is an issue of crucial importance, because ﬁnding
new sites for waste landﬁlls is a challenge (Huang et al.,
2006; Tsai and Chou, 2006). Similar to some European
countries, Taiwan is active in tackling the challenges
brought on by waste generation, and following the general
international trend of valuing sustainable resources
(Pariatamby and Tanaka, 2013). Taiwan’s commitment
to waste reduction is evident in its mandatory recycling sys-
tem, which requires residents to recycle certain waste mate-
rials. In addition, there is a strict schedule of recyclables
collection, where ﬁnes are imposed on mixing of recyclables
and other trash (Ross, 2008). As can be illustrated in the
following paragraphs, in Taiwan, solid waste managementinitially focused on waste disposal technology, then on
resource recycling, and then on waste source reduction.
Prior to 1968, MSW were stored in public collection
boxes, and waste personnel would collect and transport
the waste to disposal sites. The public collection boxes were
abolished in 1971, however. Also, before 1984, there was
no proper treatment of MSW in Taiwan; most of the
MSW were disposed in facilities with no intentional design
for environmental protection (Ho et al., 2006). The con-
struction of sanitary landﬁlls began in 1984, and of inciner-
ators later in 1991.
In 1991, incineration technology was introduced as an
alternative to landﬁlls, as the latter were approaching their
capacity (Ross, 2008). However, environmentalist groups,
citing community health concerns arising from waste incin-
eration, led a strong opposition to the incineration practice
as a permanent solution. The government later adopted a
‘‘zero waste policy” instead in 2003 as a central tenet of a
waste reduction strategy (Fillingham, 2013).
In 1997, in order to stop dumping of garbage in public
areas, which posed signiﬁcant health risks, citizens were
required to meet trash collectors and throw their household
waste directly into the garbage truck (Ross, 2008). This
‘‘Keep Trash oﬀ the Ground Policy” is still in practice
today in all parts of Taiwan except for speciﬁc remote areas
(Pariatamby and Tanaka, 2013).
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tion fee, which is levied by requiring citizens to purchase
government-issued trash bags in stores and markets. Trash
collectors in the island only accept waste in city-approved
bags, and the fee helps discourage unnecessary discarding
of garbage (Ross, 2008).
In 2002, as a result of Taiwan’s Waste Disposal Act,
which puts higher priority on waste reutilization, industries
have been encouraged to reuse and conserve resources in
manufacturing processes (Pariatamby and Tanaka, 2013).
To combat the problem of discarded plastic bags clogging
drainage ditches and creating ﬂoods, the Taiwan Environ-
mental Protection Administration (Taiwan EPA) began to
promote the ‘‘Plastic Shopping Bags, and Disposal Plastics
(Styrofoam Included) Tableware Limitation Policy,” which
also began in 2002 (Pariatamby and Tanaka, 2013). Fig. 5
shows Taiwan’s timeline on waste management practices,
programs, and policies.
Two notable waste management approaches in Taiwan
are its Zero Waste Policy and its Cradle-to-Cradle princi-
ple. What is signiﬁcant about the Zero Waste Policy, initi-
ated by the Taiwan EPA in 2003, is that it marked a
turning point from end-of-pipe treatment to source reduc-
tion and resource reutilization in the waste management
philosophy (Ho et al., 2006). There are four strategies to
the Taiwan Zero Waste Policy: source reduction, reuse,
recycling, and green consumption. Source reduction targets
the minimization of toxicity and generation of wastes. Ini-
tial eﬀorts were aimed at plastic shopping bags, disposal
tableware, and non-rechargeable batteries, as well as
‘‘eco-design” considerations for products (Ho et al.,
2006). The reuse of retired furniture was promoted by the
Taiwan EPA, and will be followed by small appliances.Figure 5. Taiwan’s timelinThe reuse strategy provides economic incentive to furniture
refurbishing ﬁrms, since resale of renewed furniture can
generate proﬁt. Taiwan places much of its recycling eﬀort
on its citizens. For example, waste producers have to sort
garbage into recyclables, kitchen wastes, and trash. On
the industrial side, recycling of IBA is also supported by
the Taiwan EPA. Greater acceptance of green consump-
tion and demand for ‘‘green products,” encouraged by
the Government Green Procurement program began in
2002; the program sets minimum procurement level for
government agencies to buy ‘‘eco-certiﬁed” products and
promotes consumer product purchase by private enter-
prises (Ho et al., 2006). Taiwan is the ﬁrst country-level
jurisdiction in Asia to apply cradle-to-cradle in the plan-
ning of resource circulation strategies (Pariatamby and
Tanaka, 2013). The cradle-to-cradle design concept would
keep materials cycling in nature. In the ecological aspect,
biodegradable raw materials are used in product design
and returned to the ecological cycle, while in the industrial
aspect non-toxic materials are continually cycled back
(Taiwan EPA, 2012).
What is unique about Taiwan’s case is that there is a
civic dimension to waste management. This is a positive
development to Taiwan’s waste management because
developing a culture of compliance is crucial (Probst and
Beierle, 1999). The government invites citizens to actively
participate in waste source reduction. For example, in
1996 the ‘‘Environmental Tableware Package Design Con-
test” asked people to prepare their own tableware, and in
2001 the ‘‘Use Less Plastic Bags” activity asked restaurants
to use less plastic tableware. Government agencies and
schools in Taiwan believed in the promotion of waste
source reduction to young generations, and as a result,e on waste regulation.
Table 12
Hazardous waste identiﬁcation in Taiwan (Taiwan EPA, 2006).
Contaminant Regulatory level (mg/L)
Ag 5
As 5
Ba 100
Cd 1
Cr (total) 5
Cr (VI) 2.5
Cu 15
Hg 0.2
Pb 5
Se 1
Testing method TCLP or NIEA R201.14C
Table 13
Criteria for bottom ash reuse in Taiwan (Taiwan EPA, 2010).
Contaminant Category 1
(mg/L)
Category 2
(mg/L)
Category 3
(mg/L)
Cl 0.024 NA NA
As (total) 0.5 0.5 5
Ba 100 100 100
Cd 1 1 1
Cr (total) 5 5 5
Cr (VI) 0.25 0.25 2.5
Cu 15 15 15
Hg (total) 0.02 0.02 0.2
Pb 5 5 5
Se 1 1 1
Testing method TCLP
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any disposal tableware in 2006. The government set up
reward programs for sustainable behavior in private citi-
zens. In 2011, as a result of the ‘‘Regulations on Rewards
for Disposal Take-Out Cup Source Reduction and Collec-
tion,” customers were oﬀered discounts from fast food and
convenience stores for self-prepared dining utensils
(Pariatamby and Tanaka, 2013).
2.3.5.2. Waste characterization and incinerator residue
reuse. Taiwan draws upon the experiences of other devel-
oped nations in promoting the reuse of incineration ash
in building materials. In fact, the Taiwan EPA adopts sim-
ilar regulatory limits (Table 12) as the US EPA for identi-
fying hazardous waste by the TCLP method, which is
equivalent to Taiwan’s indigenous NIEA R201.14C
method (Chang et al., 2012). In addition, leaching results
from studies on IBA are often compared to TCLP limits
when evaluating its utilization (Wang et al., 1998; Yang
et al., 2012).
There is a high reuse rate of IBA in Taiwan. Leaching
limit criteria for IBA reuse are divided into three categories
(Table 13), although there is little variation across the dif-
ferent categories for each contaminant. Categories 1 and 2
are for applications mainly in concrete aggregates, while
Category 3 is for foundation and road ﬁll that must be used
in quantities of at least 10,000 tons. The criteria for Cate-
gories 1 and 2 are identical, except that there is no limit
for chloride ions in Category 2.
2.3.6. China
2.3.6.1. Background information. China is in the midst of
rapid urbanization, which corresponds to huge generation
of MSW (Zhang et al., 2010). In fact, China surpassed
the US as the world’s largest waste generator in 2004
(Hoornweg et al., 2005; Vanacore, 2012). From the end
of the 1950s through the end of the Cultural Revolution
(1966–1976), environmental issues were not factored in
China’s economic and industrialization plans (Pariatamby
and Tanaka, 2013). Though China began to realize the
importance of environmental protection at the 1972 Stock-
holm Conference on Human and Environment, environ-
mental awareness was weak then at lower-level
government authorities and the public. After the late
1970s, as China opened its economy and environmental
deterioration worsened, the government took notice and
borrowed the environmental experience from Western
countries (Pariatamby and Tanaka, 2013). Three
government-issued documents formed the basis for envi-
ronmental protection practices in the early stage in China:
Certain Regulations on Environmental Protection and
Improvement, the Provisional Environmental Protection
Law of the People’s Republic of China, and the Articles
on environmental protection that were added to the 1982
National Constitution of the People’s Republic of China
(Pariatamby and Tanaka, 2013). In the 1980s, there was
a sudden industrial and economic boom, even while theenvironmental condition was largely neglected. As a
response, in the Second National Meeting on Environmen-
tal Protection in 1983, the government announced environ-
mental protection to be a state fundamental policy, which
meant that economic growth and environmental protection
were to be planned, implemented, and developed simulta-
neously (Pariatamby and Tanaka, 2013). Since the 1990s,
China has opened its MSW management market to private
and foreign (especially French, Japanese, German, and
American) owners (Pariatamby and Tanaka, 2013). The
ﬁrst law to regulate the management of MSW was the
Law on Prevention and Control of Environmental Pollu-
tion Caused by Solid Waste of the People’s Republic of
China, eﬀective in 1996 (Hoornweg et al., 2005). After that,
a series of laws and regulations on MSW was issued to pro-
mote cleaner production in manufacturing, require more
government approvals in construction, set standards for
MSW treatment technologies, and attract private and for-
eign investment to waste treatment industries (Hoornweg
et al., 2005). Fig. 6 summarizes China’s major laws on
waste management.
Outside of oﬃcial state regulations, there exists an infor-
mal waste collection sector where private individuals save
recyclable consumables, especially electrical and electronic
equipment, and sell them for extra income (Hicks et al.,
2005; Zhang et al., 2010). Another interesting aspect is,
unlike other industrialized countries, in China nearly all
Table 14
Hazardous waste identiﬁcation in China (Ministry of Environmental
Protection of the People’s Republic of China, 2007).
Contaminant Regulatory level (mg/L)
Ag 5
As 5
Ba 100
Be 0.02
Cd 1
Cr (total) 15
Cr (VI) 5
Cu 100
Hg 0.1
Ni 5
Pb 5
Zn 100
Testing method HJ/T 299-2007
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government ﬁnancing, which has contributed the lag of
MSW treatment behind economic development.
There are no government-mandated standard criteria
for the use of incinerated waste materials. According to
the Standard for Pollution Control on the Municipal Solid
Waste Incineration (GB16485 2014), IBA can be landﬁlled
directly. In addition, IBA that have lower leachability of
heavy metals than China’s leaching standard and TCLP
can be treated as non-hazardous waste for use as building
materials. Also, according to GB16485 (2014) IFA is to be
managed as hazardous waste, but if it needs to be landﬁlled
it must meet the requirements of GB16889 (2008). On the
other hand, if IFA is to be treated in a cement kiln, it must
meet the requirements of GB 30485 (2013).2.3.6.2. Hazardous waste identification and landfill waste
requirements. Table 14 shows the leaching limit criteria for
the purpose of identifying hazardous waste in China, sim-
ilar to the function of TCLP regulatory limits in the US.
The criteria are identical for the elements that the two
countries share in common (i.e. Ag, As, Ba, Cd, Cr, Hg,
Pb, Se). In China, if wastes meet the criteria as listed in
Table 15, they can be landﬁlled. Unlike the EU waste
acceptance criteria, the GB 16889 criteria do not distin-
guish between inert, non-hazardous, and hazardous waste
landﬁlls.2.3.7. Solid waste environmental standard international
comparison and discussion
In the earlier sections, waste leaching criteria from dif-
ferent places are surveyed by individual countries. In this
section, a comparison of these criteria is made at the inter-
national level. The waste criteria presented in this paper
can be divided into two groups, hazardous waste character-
ization criteria, and solid waste reuse criteria. ComparisonFigure 6. China’s timelineof criteria allows for the assessment of where a particular
country’s criteria stand in relation to other countries. If
substantial deviations exist among diﬀerent countries,
researchers may take the opportunity to learn diﬀerent,
perhaps updated, methodologies of deriving the standard
values.2.3.7.1. Hazardous waste characterization. Figs. 7a and b
compare the hazardous waste characterization criteria for
the US, Taiwan, China, and the EU. The criteria are split
up into two ﬁgures because diﬀerent units are used, mg/L
in 7a and mg/kg in 7b. The values are the same as those
listed in Sections 2.3.1 and 2.3.4–2.3.6, but only the haz-
ardous waste criteria are shown for comparison. The US,
Taiwan, and China all use leaching methods similar to
the TCLP to characterize waste toxicity, and their criteria
are expressed in mg/L, which makes the leaching criteria
comparable. Between the US and Taiwan, the leaching lim-
its are identical in all the inorganic contaminants that they
have in common. In Taiwan, there are criteria for twoon waste regulation.
Table 15
Landﬁll waste requirement in China (Ministry of Environmental
Protection, 2008).
Contaminant Regulatory level (mg/L)
As 0.3
Ba 25
Be 0.02
Cd 0.15
Cr (total) 4.5
Cr (VI) 1.5
Cu 40
Hg 0.05
Ni 0.5
Pb 0.25
Se 0.1
Zn 100
Testing method HJ/T 300-2007
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and copper, which are not in the US limits. Between the
US and China, the leaching limits are identical in inorganic
contaminants that they have in common except for total
chromium and mercury, in which case total chromium limit
value for the Chinese criteria is higher and the mercury
limit value is lower. Also, the Chinese criteria have more
elements – beryllium, hexavalent chromium, copper, nickel,
zinc, and ﬂuoride. Both Taiwan and China use the TCLP
method or similar for waste characterization, but they both
have included extra inorganic contaminants to the list of
leaching criteria, and for a couple of the inorganicAg ^
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Figure 7a. Comparison of hazardous waste characterization criteria in the US,
three most stringent limit values for at least one country.contaminants, China has either loosened (Ag, 0.14–5
mg/L; Ba, 21–100 mg/L; Cd, from 0.11 to 1 mg/L; Cr total,
from 0.60 to 15 mg/L; Pb, 0.75–5 mg/L) or tightened (Hg,
0.25–0.1 mg/L; Ni, 11–5 mg/L) limit values as compared to
the US leaching criteria for hazardous waste
characterization.
In order to compare the US criteria for hazardous waste
characterization and the EU waste acceptance criteria, the
US criteria are converted to mg/kg. These values are com-
pared to the EU criteria values for hazardous landﬁll
wastes at L/S ratios of 2 and 10, as shown in Fig. 7b.
Between the US and the EU, the US criteria are higher
in all of the inorganic contaminants that they have in com-
mon. However, the US results are derived from the TCLP
method at an L/S ratio of 20, while those for the EU are
derived at L/S ratios of 2 and 10. More importantly, it is
also worth noting that deionized water is the leachant in
the EN 12457 method while acetic acid is the leachant in
TCLP. Therefore, the results from the two diﬀerent leach-
ing methods are expected to diﬀer.
Comparing the three most stringent limit values in the
US and Taiwan, they belong to criteria for cadmium, mer-
cury, and selenium. In China, they belong to those for
beryllium, cadmium, mercury, selenium (cadmium and
selenium are tied). In the EU, they belong to those for cad-
mium, mercury, and strontium. In all cases, cadmium and
mercury have the most stringent values, indicating the
countries’ agreement of the high degree of harmfulness of
cadmium and mercury to the environment.10 100
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Figure 7b. Comparison of hazardous waste characterization criteria in the US and EU. ^ indicates a contaminant belonging to one of the top three most
stringent limit values for at least one country.
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Figure 8a. Comparison of the less stringent set of waste reuse criteria in Denmark, the Netherlands, and Taiwan. ^ indicates a contaminant belonging to
one of the top three most stringent limit values for at least one country.
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and Articles,” (European Directorate for the Quality of
Medicines & HealthCare, 2013) published by the European
Directorate for the Quality of Medicines & HealthCare,
describe in detail metal, including cadmium and mercury,
levels toxic to human health. Brieﬂy, cadmium is a rela-
tively rare element, and present at low concentrations in
the environment. However, it is toxic to humans at low
dosages and the biological half-life is long. The methyl
form of mercury is the most toxic form of organic mercury.Methyl mercury is also listed as one of the six most danger-
ous chemicals in the environment, while inorganic mercury
is classiﬁed as a carcinogen.
2.3.7.2. Reuse of solid wastes. Figs. 8a and b show the limit
criteria for the reuse of solid wastes for Denmark, the
Netherlands, and Taiwan, and the top three most stringent
criteria are indicated within each country. The data are
split into two ﬁgures for comparison of more lenient crite-
ria across the countries (Fig. 8a), and for more stringent
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Figure 8b. Comparison of the more stringent set of waste reuse criteria in Denmark, the Netherlands, and Taiwan. ^ indicates a contaminant belonging to
one of the top three most stringent limit values for at least one country.
Figure 9. SWOT analysis of MSW standards.
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taminants that fall into the top three most stringent criteria
across the diﬀerent countries include arsenic, cadmium,
chromium (total), mercury, nickel, lead, selenium, and
chloride ions. The inorganic contaminants that most fre-
quently fall into the top three most stringent criteria are
cadmium and mercury, further highlighting the importance
and potential danger of these contaminants to public
health and the environment. Similar to the waste character-
ization criteria, the Taiwan criteria in Figs. 8a and b are
converted into mg/kg for comparison. It is observed that
the criteria are generally more stringent in Denmark as
compared to other countries in the table.
3. Conclusion
Environmental standards and regulations are integral to
protecting and improving environmental quality. A subset
of these standards deals with MSW and incinerated MSW.
Through examining the environmental regulation history
of various countries and their MSW leaching criteria, one
can make the following generalizations:
 Countries with limited natural resources should have an
interest in resource reuse.
 A country’s uniqueness, for example historical, social,
and/or economic aspects, plays a role in setting environ-
mental policies.
 Between developed and developing economies, more
developed ones tend to have greater environmental con-
cerns, and waste management focus priorities in devel-
oping economies generally follow similar paths as
those in developed ones.
 Standard setting is a science that takes into account the
natural environment setting that needs protection, the
transport phenomena of contaminants through diﬀerent
media, and the contamination source.
 For some countries, it may be practical to follow stan-
dards established in other countries, especially if those
countries face similar challenges.
These generalizations may serve as implications that will
help decision makers in governments that are looking to
begin to set MSW leaching criteria standards initiate pro-
posals. It is hoped that, with more standards in place, there
is a greater degree of resource reuse and preservation.
The future of MSW standards remains uncertain, as
shown in a SWOT analysis in Fig. 9. Setting environmental
standards has the beneﬁts of setting legally enforceable reg-
ulations, enjoying the strong infrastructures already in
place for their ease of implementation, and being under-
standable for the public to comply. However, as environ-
mental technologies become more sophisticated the cost
for compliance and initial investment costs may increase,
much scientiﬁc work and deliberation by policymakers
are needed to ﬁnalize standards, and tracing the origins
of limit values in standards may not be possible. For futureresearch studies in MSW standards, investigators could
look into opportunities and threats. Increasing popular
support for standards in general propagated by social
media and open innovation, increasing demand for sustain-
able technology brought on by the dwindling and rising
cost of resources, and aligning business interests with waste
and energy cost reduction goals may increase standards’
importance and availability. Meanwhile, perceived eco-
nomic priority over environmental concerns, partisan polit-
ical paralysis from gridlock in governments, judicial
reinterpretation of past environmental statutes, and busi-
ness groups’ lobbying eﬀorts may hamper standards pro-
mulgation. For future research studies, analyzing the
relationship between these new trends and MSW environ-
mental standards would be worthwhile.
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Appendix ATerm ExplanationALARA As Low As Reasonably Achievable
principle, initially a radiation safety
principle of keeping radiation doses
and amount of radioactive material
releases to the environment as low as
can be achievedAttenuation ratio General term used for the reduction
of magnitude of a numerical termBATNEEC Best Available Technology But Not
Entailing Excessive Costs, a principle
that allows for modiﬁcation of the
best available technology
requirement if its costs are excessive
in relation to their eﬀectiveness in
achieving environmental objectives
or to the capabilities of the industryCEN European Committee for
StandardizationCFR United States Code of Federal
RegulationsEN European standards
ERRI Environmental Regulatory Regime
Index, an index representing a
summary of performance measure of
the quality of the environmental
regulatory system in a countryNEN Dutch Standards Institute, center for
standards in the NetherlandsOECD Organization for Economic
Cooperation and Development(continued on next page)
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substance, such as the highest
concentration of a contaminant at a
speciﬁc pointPOC Point of compliance, a location at
some distance from a potential
source of pollution where some
enforcement limit is set, measured,
and shall not be exceededReference dose An estimate (with uncertainty
spanning perhaps an order of
magnitude) of a daily oral exposure
to the human population (including
sensitive subgroups) that is likely to
be without an appreciable risk of
deleterious eﬀects during a lifetimeSource release The release of a contaminant from
its original sourceTCLP Toxicity Characteristic Leaching
ProcedureUSEPA United States Environmental
Protection AgencyWAC Waste Acceptance Criteria,
European Union criteria for the
acceptance of waste at each landﬁll
class as speciﬁedWHO World Health OrganizationReferences
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